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(54) PHOTONIC CRYSTAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To solve such problems 
that propagation loss in the light propagating a 
conventional two-dimensional photonic crystal or in the 
light propagating a defective part of a conventional two- 
dimensional photonic crystal is high. 
SOLUTION: The photonic crystal has a substrate 1, 
lower clad layer 2, light guide layer (3, 4) and upper clad 
layer 5. The light guide layer (3, 4) consists of a plurality 
of columnar parts (4) having a refractive index n1 
arranged in the direction perpendicular to the substrate 

1 and in a specified period between the lower clad layer 

2 and the upper clad layer 5, and a part (3) having a 
refractive index n2 (n1 =£n2) possessing the space 
between the lower clad layer 2 and the upper clad layer 
5 except the columnar part (4). The refractive index of 
the lower clad layer 2 is lower than both of the 
refractive indices n1 and n2, and the refractive index of 
the upper clad layer 5 is lower than both of the 
refractive indices n1 and n2. 
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SWaJB (3. 4)4, ±»95y F15 4t«iL» 

^ » KJB5 iOfffl&cSfi 1 iiHSS-r^l^^-C^^S 
CDi^^-Cffi^ $ ta/c® Jfr* n x ® «»©«?R»# ( 4 ) 
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(2) 

1 

FJf CCDTSP^^^ F«±K^lSSft#*3Kft 

KTSB*^* FJl<kWKLL»*^* F«<!:©IHI<B5%W 
IBn 2 <DNftJ:9fc{S<> 

[19*35 3 ] n^i i * tcmmm 2 tct bss<d y * f 

— v ^accfc^r. 

igcD^ * F — ^ ^ttatctei>-c, 

jBWK»iatsnfc«a*W"r* c<d««§<d— 30 
ieo:?* f~* ^jsaccfci^r, 

#U 3&>6tt*C ££r3#m<!:T£:7 * F~* ^3£a«> 
tgC0:7* F^-'> ^MaOC4dl>T, 

MiB_bSP^7 * F»«. x^^WJ7-^65iSC 40 
buSBTSB*^* FJStt. MiBSSr^n, (DfeVt^frtm 

[0 00 1 ] 
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[0 0 0 2 ] 

JB*«0»tW«*H*a*©^<> F«BtiRWtt^< 
>F«Bfi*i4c:i3Wfti6hrfcQ. c©«fc5&R«{* 
jswubsw::?* h^^igiPftfnws. f^ 

*t£a4><Dft FfllJSCC J: 9 n^/c 

6Cd:. f¥«xa*«3^7C^* F - * ^«Sa«:Jt^r Jt 
[0 0 0 3 ] a«Wtt2*7c7 * F~***Sa«\ J¥£ 

[0 0 0 4] fi£*©m-(Dlf BCD 5 % , 28?L*»JSW ^> 

th-To S«S i 9 iJbtC. S i O, @92«^n, 
$6CC^CD±tC_bgpS i «9 3 fimf&Ztltc SO I (Si 
licon-on-insulator) S^^ffll^ Ji^PS i M 9 3 CC F 

^>^cccfco. ja«BWtc2?L9 4^flEsnr 
c^*. c«gt«, 2^>CTc©jaw«Kfi*wrs±»s 

i!93 <JSJf*K3. 5)*, IJT¥©fi^SiO, 
119 2 (JBSrVMl. 5) 4SSW (Wr*l. 0) <h 

[0 0 0 5 ] CCDWIT^ _hSBS il93OW3#0, 
2 Mm. S i O, «9 2<3DJ3S#3. 0/Lxm, ^/c^?L 
■9 4©iSS*«0. 3 Mm, 3ftf&^£»f&LTl>££?L 
9 4CD^»3^0. CCOKH-TJ*. 
i&6 1 . 5 Mm©*»©ffi«frSri5J^S«9 1 ffii^CgSE 
r**Siffffl*W. 2yOc<Z>fflaB«Bft**T*±«S i 

2^7C©ffl)BaiJt*WT*±»S i^9 3^SMUAj: 



(3) 

3 

<jy-h;U (mm) *-#--C<Dft<D&M$:fi'j C <!;# 
fib (,>&©■?£>&. 

cooo6] &*©!£-©$&© 5 ft . attft^^sR-r 
&mza>±wa±*<D i - r MiKsia^it^ccB i 

OJC^n-r. S«S i 1 0 l±ft, SiO 1 1102« 
f&Zti, 3 60C-e©±{C±gBS i B*s?i5fiS^ti/cSO I 
SK^ffltV ±SPS i I(CK5-fi5 ^^tCjrD. 
W^tcRttl 0 3*i^fiSSnTl^„ C<Dffi&-CiZ> 2 10 
yOc©ffl«MtJi**-r*nftl 0 3 OiJfr*fc3. 5) 
4. JS«r*©<Blr»S iO, HI 0 2 <««rS|5|tjl. 5) 
iffiflW (H*r*l. 0) fClfcW&A/CteO. SSl* 

[0 00 7 ] C ©Mrtt, Rtt 1 0 3 ©;?£ # o . 2 m 
m. SiO: 110 2©J¥£#3. 0 ui, S/cRttl 
0 3©itS*50. 1 6 ym. SftteT-^JJSlSLrt^-SR 
ttl0 3©il^0. 4/imiJ5toTl>| 1 „ C©i$NlT? 
tt. jfcg 1 . 5 Mm©SJ?©fiiS&:frft#S® 1 0 1 Mfa 

icmm.-c^^mm.mmt. 2;wc©H»i*afc**-rsR 20 
ttio3 u mwomBbtffa&mK 1 0 1 wftic 

7jC^-C&^7K i F(S7fe«. 7 * 7 *7*> K=P1> yZf(0 

64 0 d B/mmiftl lt$£W**ft^ffi£ftoT 
©-C&3. 

[0008] ekfccDjii -©$&*© 5 ft, &jizmm? Z> 
mm<D±mmt*<D j - j ■ iRKrina^fltAinKcia 1 1 

ft^-f . TSPA 1 G a A s S-htCG a As® (J5£ 0 . 30 
2tfm> flSflgfiEStt. ©_h&t_hSB A 1 GaA s 

mmftic&ii i i mzi. o U m) 

WtiGaAsIl 1 2 (JHWf*fc3. 5) 4, JS*r* 
< m C < 2 ^©jgJKflliiS: Wf £_kSUA 1 G a A 

s js 1 1 3 (jb«t«*j 3 . o ) t miRm-fim < —as* 2 

^?cjaiWi»Jfi*Wf *T»A IGaAsffll 14 (JSAt 
^3. 0) £T?t**i£A/C*»9. fiiE^TS]©^©H G 
iito^ia-o-CI,^. 40 
[0 0 0 9] C ©^iJ-C«. 1 1 1 CDiSSrt* 0 . 3 m 
m. ZfttettfclSLVX^hmil 1 1©J^S9*5 0. 4 
fimi)5;-3W5. C©KI4-C«. tel. 5(im©l 
^©«ib^*5Ga A sJll 1 2©®rt(CSi£T'*-S^ 
HiKfctt. 2^C7C©JB»WIIJS*W-r * G aAsll 12 
S^©tgffi&55"|Sj*5G a A s Jf 1 1 2©MF*3«: 
*^-C* 7 * h - v t>'1> F*> v V'<D 

tcib 2^7C©HJBl«a«:W-rS GaAsil 12 Sr^iS 

iC53 0 dB/mm£ft>3. ttt&ft:*Sft*l$cffi£ft 50 
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o-CfciQ, mm^--dJ'--r©7fe©eJi!4!f ; 5 Ci*W0 

t,>4>©-e*-2>. 

[ooio] «»s*g^T, 2&7tmmm& 

©— SP«:^Pi4«Ab, ^©^PgSitfJ-ftTfe^igig;* ■«••£> 
CifcM?htt>5. S£*©m-©«t3t©5ft. £?L 
fc^J^ *1»*Kil»©*lfi»#**A L/ fc1«®©Jb® 
0<b^©K-K' *5J:0'L-L' M9riil9&#E£ftK:i9 

1 2 4C^To SffiS i 1 2 l_h«:, SiO, J! 1 2 2*5 

$ 6tC-e©±4C±gpS i!123 *s^fiR^n 
teSOH*4m>. ±SBS i HI 2 3K 9- 
>^(c<fcO, JHJWftlK:^?L 1 2 4*'M3ntt,^. C 
©«iS-C«. 2*7C©«W«3S*^*±»S i JB1 2 
3 (ffl*f^3. 5) 4. /SSr*5©<gt>S iO, Jll 2 

2 mutmrni. 5) otb9t*i. o) t-cm 
^iAA/cteO. si[*[S]©7t©^DjiJ*4iio-rn€.„ 

C©#TCtt, ±§PS ill 2 3©J1£*50. 2(im, S 
i O, M 1 2 2©J?£#3. OMm, g/c3£?L12 4© 
ittSAiO. 3 Mm. Snfttt&l&LT^Zmil 2 4 
©Jl 89755 0 . 4/imii f j;otl^ I 

[ooi i ] cosfitJtt, iaibfci^cMi. 5 

wm©^l?0{|||)^A5SSl 2 lHF^(CSii:-e*SS 

a«*tt. 2^7c©asB«j6**r , ra±»s i m 1 2 3 

«W©»Mb2n8J#*1R l 2 lffii*3K7K¥-e* 
■STtWiB^M:. y * h •=- 7 i7 > F 7 y'<Dtcit> 2 ^ 
7E©iaKI«j*4WT^±gPS i Jll 2 3 4SifiL/ftt». 
3f^#4-C«, «H6M«Jft©— awcffi?l** 1 JUlfiWiteifiDBiK 

©^Bwaisi 2 5jWBfiSsnrt»s. afs#^ssi 2 

5 icxm 3 n/c7K^Pti7fe©!SS 1 . 5 m m©7fctt. 7K^F 
Ijfatcm L.r«S?L 1 2 4©jaffi«it*57 * h -7 
> -7 ^i<Corc>4fc»^B«iSa» 1 2 

BODjA^^n. Sifi^[S)tCML/rW±T©/S5T^iCj; 

gg 1 2 5 ©jSja^4f.'J^ WciC52 0dB/mmt 
ft 9. it^e^* ft fM^ii i ft o r *3 D , mmjf--^- 

-5C <t#Tfcft#>o/c. 
[0012] 

2^557* h- -7^ *S B H a ©Mfti, *e«««:iL/r 
(D2'JF3fy * V - 7 **S^©eJi:f«^*sA* < . ^ * h 
-•7 ^acftSi^Cffl^Lfcf^'^'MD 

[0013] *^HJ{*. C©J;5ftiSli4)W9i-rS/ci6 
©45©t?*0. et*©2^7U^ =r h- -7 ^^S^^rfiti 

-r s 36. ft h Digests© 2 7 * h =. v 9 m^vx 

[0014] 
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©it§JH. fE*tt. jg*81fjta s :ft©tefi«T©S&/h«i*-e 
11.01 2©K®04^«5«t&epT-^l,/c<fc5 

ttfljK:* 3 hT o /c^?LSP£> S l»«ttt#fcJ£W-© 

[0 0 1 5 3 C©J:9ttgn*jta < *'&ft:*>K:. #»g§ 
Sft/cTSB^ » FJii. C<DT»9 5* FJH±(C?fcfi£ 

frlBTSPi'^ ^ FJg£*«rf2_h8fl£'5 s> FH«b<0W«:W 

#r*n a ©aBKoettW^i. WETW^^v FJBiSt 
EJb»f 9 ? F»<b©|ffl©5%WKat^#JJW*iS«> 
SIJr$n, (n l ^n ! ) ©SP^-fc-CltEgSft, fJiBT 
SB*-5f FJBB. -^©iSiff^l-rsBn, fc.fcoqstrian, 
©fsjftd: ») 4><g< . MIS±g[5^ 5 5 F»tt. -€-©/3St^ 
jWSirfBru *J<tO'n, ©fejnj: 9 fcffit, >&©•?&•£>„ 
[00 16]Jfc, #S(Wtt*©fl&©JftK£ LtatKm 
TttJS£^tffc©-Cab-£>. Tft:to%. MEJ:IIS^9? F 
JB» . liTIB«H»©attSIJ»©e-t:«« £ W f B/3ifr33 n , 
©««©fi±««iTJBSfsftftia3tc4. *fc-. SulBToB 

F)a«, tWE««©^^©irr«tt£*WEJB 

Sf^n, ©««©iST«*i'rJB»f*36JaiCcS. $/e. 

JHW«:jBJiS34afcaUfi**T4tife«:. c©1fjg©— 
fiBC JHJHtt©*l»eW3>* Wf £ . 

[0 0 1 7 ] BJfBSfif^n! ©attap#*fc«,W 

IB®*r*n, <Dmm<D5%, ®*r*©{gl^n*> — ^© 
MUtt. x^i^tf y -7 S/c milB±g|3 
«»FI», x#*i^#y7-*>6ft-S. 
«ET»*5 9 FHB. MIBSJT^n, ©ftt*3U# £ «T 
IBSW^ n , ©Sf $c© -5 % . ®#f¥©{ao »<SJ 3© 
^©BT©?Ii|8*5isJ<*'>»jJ< 'J -v-frhUZ. 

[0018] C©<fc 5 CcmsS-r -5 C £ tcfc 0 afcfSljBtt. 

2^7C-7* h— ^^^S*il>«2^7C7* Fx? 

L . 2 ^tc7 * h - » ^ M Hfc J; otfi«^ 2 ycjc 

^f^-f^ ©It>ffl*5pjftg i & Z> . 
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[0019] 

[#S9J©Si;&£©7f*SsU iWc. #S6SJ!©!Ui©J$&K:oi,» 
■aa*ffl«r» twist*. 

[0020] [*— ©*6s©jgfi|] *mw<Dm— ©nit 
©jBss©«Kt*SBa:w«:ig 1 cc^-r (±®0 <±sb^ 

* FH5©— StHiBfc*) tecfcOf-e-WA-A' IHKM 
0) . S«l±{CT»*-5» FJI2#Sff$j£;*ft, 3 
-?-©±«:^^ef)tc^$ ti/c^?Lm©SP53- 3 iSWS'J 

10 ^-©±(C±gp^5 KI5*«3nfc^iii&otl,> 
•5.. C©^— ©^©^-ftt, Sffi 1 « S i ~C$>K) . 
T»f7j FJB2BS iO, II (JB9r*& 1 . 5. JI<* 
3 Mm) Jl«lft0c^j£$nfc^?LJ^©SP#3 
BS i 0HJr*ft3. 5. m$0. 2um)V$>K>> ffl 

'J7- (fflSf^l. 6. i¥S0. 2/xm) "C*)f3. ±SP 
>9? F»5»*7»3R^fcxjK*^3fi#y7- (®*t^ 
1 . 5. m$ 3 Mm) -C&&„ 

[002 1 ] *fc, ^?L^r5t»L/£ig|5^-4©ii:Sdi0. 
20 3 /um. 3 ft«^*Jgfi6b3te«S*afcfflJWWffi7L©»J« 

fcf^$n/c^?LJW^©g|5^3©S S»§Wt85g(C 
*jW*ffl»rap©W(,>SB»«:ja:-j"C*»0. JHJWWtcJBfiSS 
n/c^?L£5*t«b/£:SB^4©x#+^3?i;i< 'J ^-*5J3^ 

^©ffit^sp^-iftr-^Tc^o -€-©*£*. mmmcmtt 

^SB^-©fflJf^*n 2 ib, T»^^» F»©«*f*«r 
n 3 , JiSB^^v FJBOSBBf^^n, ilfcit, n a 
<n I *on ! <n,*on,<n, , C4 i 3, ^o. n 3 <n 
30 2 *ion 4 <n 2 ©^f4 : ^:)l§/tL/rt,^„ £(Dtc&. 01 
©frMStc^SC^C^EIl^bfcJ;^^. ig»IW*fi© 

jB«*©ist>ai5^ataw i MHStcjai,>rt>®«f*atc«t 

[0 02 2] »H^iat0)BBO(WliiH 2 (C^ 

■r. 

(a) Sil2 l±tCS i 6, J12 2**JBJdS3tt. 3 6 
(C^E-©±CC h 7"S i Jl 2 3 *^^3 #a)t S O I ««_h 

40 (b) K7-Yx->5 1 >ytC c t»3 > NivXi'2 4€)It 
Sn-Cl^ft:^ h i J12 3 (cgfi^L^rPW. ^?L© 

^SP^©S i 2 5 
(c) N i v^i>2 4*x^^>^CJ;i3l^*-r-5.„ 
[0 02 3 ] (d) S i O, 12 2 &6^'teg£?L©£S?? 
§P»©S i 2 5±CC. J.7j<+^^'J-7-?r^b'>=J- 

Wcifti/i* <j -7-m 2 6 zmmrz. 

(e) F7-fx^>^J:?). ^L^S^jA^cx^ 
+ ->^*f v-12 6 *3??L©^??g|5^© S i 2 5 ©5fe 

50 issp^*n5^ggtH-r^*-cx->9 : ->^'b. mn&imu 
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fcx ^ + i/f ^ 'J v - 2 7 5 o 

(f) 3 6K:^CD_hfc:, ^^{U^^S^ 1 ;-?-?: 

[0 02 4] C ©Kfi.^«, 1 . 5 m mCDm^CDJi 
#4 *j»ift U KWCDt6»^^aS 1 ffirttCTK^T * 

[0 0 2 5] [»-<DSB»<3WK»] ©JOft 

_BcTSP* ^ * F® 2 ^M^n, ^ 6Cc-t<DJbK:jg*| 
W«cJB«S*ifcffi?Lfil*W)»»3 tJB)HW«:»J«3tite 
2?L*3»5atL/fc»»4*J»fiSSh, 3 60C*<D±K:±BB 
ir^v F® 5^M$n/c«g<b^ori^ 0 0- ©Si 
Jfc©JB«rtt. StEHJS itftO, TSP*^* FH2 
•ttSiO, l(I«r«fil. 5, «3 3 urn) ^£>9, 30 

3. 5, JS3 0. 2/im) jgfflWtCjfcfiSSftfc 
STL*^S»0^SB»4«Ge»*PS i O, <«*?* 1 . 
56, l?$0. 2 Mm) JlBB*^ * FJB5ttS 

iO, l(Wr$l. 5. J13 3 Mm) -C£>£ 0 

[0026] sjL*ss«LytaiJ»4(oiaa*so. 

ft /c^?L * 3©K U 4 <d g e ssjjd s i o 2 *m *f * 

SP#©ffl»r*& n , 4U T«*5* FJBOB*f**n 
3 , _h35#7? FJB<DJBft**n« iU/ci^, n,< 
n 1 ^n 3 <n 1 ^On 4 <n 1 tl)D, o n 3 < n * 
On 4 <n J ©^i/clW5. C<Dtctb, m—<om 
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[0 02 7 ] ^«C, »—<DSIJSt3!>JBSSOft»XS«:H 3 

(a) S i ®3 1±CCS i O, «3 2**JK0S3ft, 3 6 
CC*©±K1 h 9 ?*S i ® 3 3 sW&fiKd ftfc S 0 I »g± 

(b) F^^x^^-^^tCctO, Ni^>;34^f 
Stltl^h^^S ii3 3iCitMiiH £?L© 
gK¥Sft&©S i 3 5 ZJ&J&TZ. 

(c ) Ni7^^3 4^rX^^>^Ccfc0^-r€> o 
[0 0 2 8 ] (d) S i O, ®3 2tt6Cttcffi?l©»ff 
SfcfrOS i 3 5±6C, Ge&sJJOS i O, **^*iry> 
yoc£9*8»U ffi?L*S^^Ge»ijnS i O, ® 

3 6a«n D 

(e) F^^^^^>^CctD, M^S^/cGe 
89nS i O, ® 3 6 ££?L©^??SB#©S i 3 5©5fc$ffi 

Ge^JOS i O, 3 IZItmTZ. 

(f) 3 6&c^©±K:, S i O, **/<9*y>ytcJ: 

[0 02 9 ] C©K»TM\ ©SIJ6<DJI5»4ra« 
JC, 1 . 5 Mm©«S©Jg«tff|P]#S* 1 ffiF^cS 

WKfaifi&fiL i ffirta:*^* ? * h - 

F*> v^©fc»2^©JSJ^jS**tr££ 

Sttffi^OC^T^^aaJl^^ffl'J^U/ci C 5 6 d B/m 
mittO, S£*ausccJ:b^r, lmm$)/cDr20dB 

mioffitor^saiKfeafc^seft. ommorn 

[0 0 3 0 ] [*=<D3a60JgJB] ©SOS 

v FJB4 5CD— SP»I»*> fc^^B-B* 

ftfii^oWS. K^4 l±tc v TSP^^f F14 2 
sWBidSSft. S6«:*©±«:ffl»WK:»R6Sft^:ne8|J 
»4 3 <t«WWtc^Sft/cRt±JK»©BP»*5««U/c 
SB» 4 4 3 ft. 36Kl*©±CC±»i7^9 F®4 
5*«JBJiJE3ftA:«JBttto'r^*. *=<DH«©JBJ»r 
St£4 lttS it'ft^ TBP^^9 K14 2liS i 

0, B (ffl»f^ 1 . 5 , »3 3 m m ) t? 0 % ^IWW 
&C?f^3ft/cRaSS^4 3«S i (®»f**53. 5, 
30. 2 Mm) r^O/Mffl^cM^n/cRtt^ 
gB^*3t«U/cSP^4 4«x**V»#y (/SJr* 

1. 6. ^3 0. 2 Mm) r&D, ±SP^^9 F«4 5 
«7 9*{tx# s 1rS/*#y (I«t$1. 5, i^3 3 
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Mm) RtiSP#4 4©tt&*S0. 16m 

[oo3U *aHScc*5i^r«, flwaw«:}BjasnteR 

£5ktftb/cSP#4 4 ©x#+i/*# U ■*-#««?*©« 

©JS^©iSt^#©/a#r^*n a % ®$t^©<&1>SB# 
©JSSr^n, il, T8P*^ * FB©JBJFr**n,, 10 
±«*^* F»©JH«**n 4 ib/ci^, n,<n 1 * 
on,<n 1 ^On 4 <n 1 r*0 4 ion,<n 2 ^n 4 

[0 0 3 2 ] »=(03l*<DJBlB<3[>fiaHxatt, is— ©1*1 
Stt£©^T*£>. C©l£*4T?te:, jfiftl. 5/im0i 

2^5coHJB«ja*wr*naw»4 3 tratttwi-©* 

L /c35^4 4 £r jg® L . «W©S»6;j&(pJ*S»« 
4 1 ffirt&C7k¥^*£7K¥mte, 7 * b ~ *9>1Z* F 
»^0>fc»2*5c©JB«W»a***aRtt«^4 3 

I«Kc»1"« «ia*tlttUfc4 C 5 7 d B/mm 
faatjetCtt^T, lmm*fcOr20dB« 
±<D«»T^:*ati5fe3k«*s»6*i, *«9§©S»:SI;W* 

[0033] [m3<D9m<0&m *ma<Dma<atm 

#JBtt»«cj|B«Sh. ffiJL©8*3©»»^ m-<D^T 
®5 2 £Sj^-©_hSP*^ KB 5 3tm— ©TSB*^ * 
FB5 4*>6ft*K »-037i5 2*J»-O±»^5 
* Fit 5 3 <tfjl— ©TSP*^ Fit 5 4CC#5g*i£«ifi 
t*ot t ffiJWKW*. f£il©:nTB5 5 £lg-©JbSP 

FJB5 6 <t^ZL ©TBB^-7 * FB5 7*>6tt9. 
Ir©^7l5 5 ©±9$*^* FB5 6i*HC0 40 

TW*^» FIB5 7«:!fc*ns«accJ:036»Sti-C*5 
0, »— ©37)15 2 4»— 5 3WH«HI— © 

[0 0 3 4] ccommommommv^ s«s 1 «a 

lGaAst*l ©±§B* 5 ? FJf 5 3«A1G 
aAs (®Sf*3. 0, m$0. 4 Mm) tectCK*— © 
TSB*^ v FJ15 4fcfcA 1 Ga A s 0BUr«3. 0 , « 
$0. 4m) 0— ©3TB5 2ttGaA s (ffl 

*t^3. 5, J530. 2 Mm) r&£ 0 */c, 0— ©3 
7J15 5ttx#*S/*#U^- (JB«*1. 6, »3 50 



#gg 2001-337236 
10 

0. 2 Mm) SI— ©JiSP^^ * Fig5 6«7 * 

SWbi#*5/*#y (ffiffVl. 5, *S0. 4m 
m) ~C$> *) % *-©T»*9* F»5 7tt7 **ibx# 
*2/3R#U^- («*f*l. 5, WO. 4 Mm) T£> 

[0 0 3 5 ]^*, m— (D^TKDISr^n, v 
*-«i»#5» FJl©H«»*n a k m-(DT^*5 
^FJl©®#f#*n a , m~©3 7B©/S#T^£n< fc 
Htl©±»^5» FJl©B*r**n. % #-©T»*^ 
v Fi©I*r*4n, , il/cit, n 4 <n 1 ^On s 
<n>on,<n,t*0, /5^n I <n 1 ^n 3 <n 1 
^•On s <n 4 ^on e <n 4 ©^fr*afcbtl^ 0 C© 
/cab, BI5©lffflia«:i6S;WCC^EprflSL/ftiJ:5Cc 1 JH 

ww^©®w^isi^»»©»»w«jaccfe(r»r & ja 

W**Ccj:*aa*rft©3fe©HOii«)*sa3n*«JSi 

[0 0 3 6 ] »E9©«*©»»©fatrS*BI6 
To 

(a) A 1 GaAsI6 HiCGaA sB6 2«SJ 
*V 3 6 &C-€-©J:ft: F v y'A lGaAsI63 &J&f&& 

flaws. 

(b) F7^x^>^cJ:^ Ni7^^6 4(Dlf 
Sfttt^iCi F 3> 7*A lGaAsI6 3*sJ:»GaA s 
■ 6 2£Siil/TA 1 Ga A sf6 1 ©— SP*TCCSi£ 
?L*W», ffl?L©3Bfi¥»»*»JiS , r*. cnttcfcD, tK 
—©3 7B6 5, ©±8B^-7 y FJ16 6, 0— ©T 

(c ) N i vxd?6 4*X9*>£fK:j:r)|jfc*TS. 

[0 0 3 7] (d) mil&J&f&LtcA lGaAsI&6 
VKffiaojBKffiR^itC. SB— ©TBI* 5 » FB©«3 
-c&so. 4 Mmifiiw^? * y>y*c<fcg s i o, 

*n©T»*9» Ki8 8*»«t*. C© 

f^s©i¥ $ ©*«r «s?L«*»ii* na ci&< mm 

(e) Iff— ©37B©J?3~C&S 0 . 2Mmi¥ 
3feW^^*y>y*CctDGea5JDS i O, ?:fiL, 

(f) ©JiSB*^ ^ FB©/S3T*S0. 
4/imfm^'; £ U>^CC<fc0S i O, 

»— ©±SB*-5 FB6 1 O^fiSt^. 
( g ) ^?L©»#SR^±©itffi^^x > K <t 0 1^ 

[0 0 3 8 ] C©f*)F4Tii v iffifi l . 5 m m©m^©JJg 
«WJrSj3»ss«5 i®rtccSiS"C^€>iiiS{i7fe«, ®— © 

*^*> F*> yy'CDtcZbm— ©3715 2 i^3 7 

i5 5t2jaL&^. sjefB3etc*frsa«a*s:»Js 

UciC55 dB/mmiftO, S£*«ligtCj:b^r, 1 



(7) 

[0039] jqmoftflrctt:. eiwwisiioiasf^o 

[0 04 0] [»E©JOfccWB»] 2ifc7cJlJt«8 

£^ * FJB 7 5<30— gPttf&S) toJiCJf-eOD-D* , E 
- E ' IMBrBllS) o WS©JW©#»B\ m-©«ifeO 

HWW6CJBfiJtSn/c2S?L*^5«0/cg|J»7 4*J*fiSS 

ft, S6te*©±te_h»*9? FJB 7 5ifi1&ati1n1tM 20 

Hia»5ftK7 6«snn^ a 

[0 04 1] C<D^£CDHSfeCD^«Sr«, CD^iffeCO 
J&lS<tl*l«L S^7 HiS i ~C£>D, TSB*^ v FJB 7 
2ttS i O, JB 0B*r*»l. 5 S If 5 3 Mm) ~C#> 
0. HR8WCC»fiScSn/cSfL«n©aB»7 3 WS i <JB 
Jfr*$J3. 5, J¥£0. 2 Mm) JSUBtfjCcjgfiS 
$ ft /c^?l L /cSP^ 7 4 tt t^JR # y - 

(JB*r*l. 6, J5S0. 2fim)t*0, ±SB*^5> 
FJB 7 5B7 v3Rlbx4«*^3R*y^- (SSr* 1 . 30 
5. JS£3/Lzm) r*>£„ *fc, &B3Eftl»7 6ttJHSB 
WCCJKRESti/cSfL«^©aP^7 3<hlHLiS i^^. 

Sft**ttLfc»#7 4©i£«*iO. 3 Mm, 3 
fti^*»l*U3WShfcJW8Wffin©«»*«0. 4 m 

[0042] *«tjsoc*5i^r». jBMWccjBjiSS nfcffl 

* L fcgp# 7 4©x#^**'J *5®5r*©ffit 

»i4otM. «ww«:^b-r*«ja©JH 40 

JJr^£n, il, TSB^5 ^ F©fflSf**n a , ±SB^ 
-7 * FJB<Z>JSJr**n 4 <tbfc<!:£, n^n^on, 
<n 1 ^On t <n l t'*l *on, < n 2 *>on 4 < n a 
CD^ft^a/clTl^c C<Dtc&>. H7<DBrffiHCC«Si 

[0043] »E©jot©»ii©fwiatt* m-vm. 
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*ffiJ3^S 3 E7 1 ffirtCcSjSTftSSilUB^tt. 2'Xjv<D 
gp#7 4*ai»u «w©®tt*r fi J* s »«7 inrttc* 
*2^©jaw^*wr*ffiaJew©w»7 3 tmi 

«fc*Uft:«»7 4*aBBb*^. 
[0 044] zfcKft-rw, WH«JBff>-»«:ffiTL*« l 
J6^fcH«tto^K*««7 6^JB«3nr^*. ^PS 
2»i£3S 7 6 ^ AWS n*t*¥(B*©iRS 1.5m mCD^c 

* F*> *:/ittoTt*Sjte»JBW9W»3S 

**r*ffi?L«JW)W»7 3 ££?L£^«0/tSfl#7 4 
4c AT * C & **r * rs*f 3 ft £ C £ Cc <fc 9 MS 
VttB7 6SB#CcBJDi£«>6ft> it^^iltlJi 
TO/H*f**«:J:0^Pi*ffla»7 6fflJ»{CHDii»6n 

[0 04 5 ] L&LtZ&Zs £»T*56ttS£K:$«i* 

tc*f-r -5^Bz»aa8 7 6 ©saa^^isifc <t c ^ 2 

dB/mmift^ St5RUIJS&cJ;b-^r, lmm^/cO^C 

1 5 dBM±<Dm»x*i*ftm&&m*^p>tis *»w 

SW4», -fe>^^-h;l/ (cm) *-#-~C(Dyt<D&m. 

[0046] imK<D9B*<B&MV&tc* 2 Xjummffi 
wccH8«:^r (±mm (±sp^^^ fjbs 5©— bb« 

W8Bittotl>4. »R8 litcTW^^^ F»8 2 
8 4«Sn, 3 6CC-€-(D±CC±SP^7 !v FIB8 5* 

[0047] ^^teoft^rit m—(omm<r>mm 

tfflm. IBS TSP^^y FJB8 2« 

S i O, M 0B»*»1. 5. im^3 urn) S 
WWtcJB«6Snfcffi7LJia?f©»»8 3«S i (JS#t*^ 
3. 5, /ISO. 2Mm)-C^>0. mM&Jttt&f&Z tltc 
S?L«:5c*b/c8R»8 4«x#*^*#y^- (JfflSf* 
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1. 6, J?3 0. 2 Mm) ~C#>9, JtSP^ v FJ18 5 
te? 2r3Rffcx##^3R#yv- (®«f*l. 5, J13 3 

*3fc»Lfc^8 4©itta#0. 3 Mm, 3*Mfr**jS 
J«O*«SnA:JBttWffl?La>JBW#0. 4umiftr>t 

[0 048] *1tifitC*$tiT«, SJfflWteJB0E3ti/c^ 

<Di«l>W»K:ftor*sO. «ttWte»J«3ti;fe2g?L** 

4^9 * F)l<0fflWr**n4 ±l>tct£, n 2 <n^On 
J <n 1 ^n 4 <ni*C*0, *ion J <n 2 ^n 4 <n J 

c^ff4i/cin^ 0 £<Dtc&>. msomwmtcw&t 

O BH C ii * # ft 3 ti & fltit i 'ft o X I >Z o 

[0049] m^comffi&miSivr&iJLmz, m—<om 

&C$>Z>* CC0f*^r«, fcfcfil. 5 MmcDm^CD^Si 

»2^<OjaW«Jft**-rSffl?LJWi+<D»»8 3 i^?L 

[0 0 5 0 ] *K*4-Cte, JHW«iB©— WfcS?L# 1 3W 
aw/cftO^R3fiftl»8 8 3&JJgfiS3hr^S. ftO^PB 
zg^S§7 6 ttA*f 3 n/c7K^ffl^^S 1.5m m<D3£ 

4- 9 'tit F=F + vzftft ^Xi,*2>tc#>mi8i&ffl& 

**-r^ffi?Uy^gP^8 3 ££?L£^*L/cSP#8 4 

cc 3t*s«A-r s c i swt * rs» ?n€>ctccj:ofto 
^aKftK8 8aj»ccHDii«>6n. mmj*fttcwi>x 

ix^enr, * omb^b 8 b *£*■*-*. 
[o 0 5 1 ] e«-rs*«^cc^iB5» 

i£B8 6p J 36D^GffiT'2>CD'r«^< , KffiCUMte^sgT 
3fcffi#2 0 dB/mmJ^±£X#a>o/c/c&>, ffitf§B# 

ofttf M^ffiSi&cgijsr * ft o tc& % *$m<ofci& 

■C. *¥(B36CC«r*ft«3 5a«*iftB8 6 (iSlm 
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2 . 5 d B t ft 0 % *mm<Dfc&-C<D& 0 8P#©«*tt 
0. 5dBiflat4Ci*Jt*/c. fflOSJWcfcOr 
fc, ft^^K^ffJj^CD^^D^/cO«cfc^^t<ft 

[0 05 2 ] fcli:<£>3l— ©SaSCDJgSg^e^/xO^ftcD 
[0053] 

ISnafccfcCXfrgBn, J: 0 fcSSr^CDffi^TSP^ 5 * F 
Hi, fuiEn* fccfctfn, J: 0 fe/BSf^cDfSl^JbaB^ 5 

AWJSjMMJIWk: ft 3 tit: oft o tcmizm 4 1 > rati 

H ^*5cfcD f ffiti^2^7C^^ b-^^teS^ffi»?eB«r^ 
3K"T^Ci3^-C#v ^^cDt^^W^ 
ffl^3teGSS«CCffl^6ti4U-1f, 36W«B, **BIIeI 
H») -OfSffl^Slift^p 

[0 0 5 5] **z»«rS»CCfcWSStttt*fc 
30 «^?LCD— mc , MI«9140^Ffi§P^^^AT ^> C <t J: 

Ctlfe^»^CCfeW*ft>D«^Oi^CC» 
Sflt^^o */c, TSB^^^ FH, IMZ^v FHCC 

O4CiCcj:0, S i <fc«3t(S®»r**S»«:^r* 

[iaffio®#ftt^ 0 j] 

[Hi] <fc o^—OSItt© JKS8©«S 

[IE 2] *»^CD»— <D3BS6Dje88 (H)WWtCffi?L* 

sas) ©fmrg*^r«sag-c*s. 

[0 3] *J%q8©»zl<DlBSfi©JK8R (jaX9WCc^?L^ 
BBS) ©ffi«Ig*^*aSlT?*S. 

[[24] ^|?CD0HCDSete<I>^Sg<D«l3fi (iSKaK^C 
Rtt^rlBS) ^tlffl^^o 

[05] *»HJomE3©SBSSC[>Jga(D«S (iS^M^c 
?E?L^:IBg, ±§5^-7^ FJBtecfcCTFSP^^^ F 

50 [0 6] *»IB<D»EH©SISfi©Jg88 (H*8WtcS?L«r 
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ESv ±£$2 3 y FJf tecfctTFSP^ v FJICCfc 

[0 8 ] *»58©*A(DHtt<DJfJS8(D«aS (ftfi6 0 

«BWtc2e?L*iE«) *SW«WBST*S. 
[010] G£5fc<D 2 ^7C^ * hi 9 S'tfSJI©— fltafi 

[ill] S£3fc<D 2 * F - v ^SSeKD— «j§ 

Og88WK:S?L*KK, 3&»o. ±»*^* FJB**J:crF 

[012] ee^© 2 ^xt£^ * h - ? ^jes^»««!S 

1-S«, 2~T»*9* FIB, 3-JB«W«c»J«*ti 

0/cSP£\ 5--b8B^^5F FJB, 2 1-Sil, 22- 
SiO, IB, 2 

2 5 •••ffi?l<D»#Sf»<Z>S i % 2 6-£?L£S#>iiA,ft: 
v--JB> 2 7- ^?L£3fcttbfcx*^> 
SJtfM;^-, 2 8---±»*^* FJB£tt*? **<fc*# 

^mtf V -?-M. 3 1-Sil, 3 2 ••• S i O* JB, 

il. 3 5-35?L<D 

3gH?ap»<DS i , 3 6-ffl?L*»«>ii^GeWftIS i 
0 2 IS, 3 7-ffi?L*3fE8ll/?fcGe»JnS i O, JB. 3 * 
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* 8-±«P*^* FJB<fctt*S i O, IS, 4 1 4 
2-T»*** FJB, 4 3-JBJBttCCJBtftShteffiTLa 

#\ 4 5 •••_bSP^^ y FJB, 5 1 -IS, 5 2-f- (D 
371, 5 3-^— <D_bSB-5"5 * FJB, 5 4-8-HDT 
»^7 9F*. 5 5-gr©37H, 56-31— <D±SB 
ZZvYMs 5 7- »»Z1 9 FIB, 6 1-A1 

Ga A si, 62-GaAsl, 6 3 - h -^'A 1 Ga 
AsflL 64-N'i7X^ 1 6 5-f-©^71, 66 
10 ■••»-<D±«*^? FJB, 6 7-W— CDTSP^* F 
®, 6 8- -HI— ©TSB^ ^ FJB, 6 
IS, 6 1 0 -Iff— <D_bSP^ * KM. 7 1-IE 72 
■»T»d>* * FJB, 7 3-fflWW«:«flE3nfcffi?L««- 

£\ 7 5-±§B^ * FJB, 7 6-jE*a^RS3»a[K. 8 
8 FBL 8 S-JHXaKKC^A 

Sftfc£?LJW^©3l5-53\ 8 4-SKBWCCjgjflESn/c^L 
£3t«l</£Sfr9\ 8 5-±«2 9» FJB, 8 6 -ft 05? 
KS&&IS> 9 1 -SfiS i , 9 2-SiO, JB, 9 3- 
20 ±gPSiJS, 9 4-S?L 10 1-iSSi. 10 2- 
S i 0 2 i, 10 3-Rtt, 111-^?L 112-2 
^7c©jaW«J£*Wt4GaA s IB. 113-2^© 
A»!«Jt*WrSJiaiJA 1 Ga A si, 114-2«tc" 
©jg»!«iS*WT*Ta5A IGaAsE 12 1 -StR 
Si. 12 2-SiO, 1 2 3-JiSBS i JB, 12 
4-^?L 0 
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